Abstract
We propose a phenomenological three component model describing the decay amplitude of the process D + s → 3π. The first component is a constant background, the second one is a Breit-Wigner amplitude associated to a quasi two-body f 0 (980)π + state and the third one another
Breit-Wigner amplitude corresponding to a possible quasi two-body ρ(770)π state. We show that it is possible to reproduce the observed total rate for D + s → π + π + π − as well as the two other measured branching ratios for the non resonant part and the resonant f 0 π + one. Implication of the ρπ + state, of which an experimental limit has been given, is discussed. An upper bound in the 10 MeV range for the decay constant f π ′ of the π(1300) meson is obtained .
Predictions are given for the D 
I Introduction
We are interested, in this paper, in the decay of the D + s meson into three pions. Experimental data are available only for the final state π + π + π − [1, 2] , but not for the π 0 π 0 π + one. By inspection of the results, we observe that the quasi two body state f 0 (980)π + has been clearly identified [1] whereas for the quasi two body ρ 0 (770)π + state, no significant signal has been found [1] . Another remarkable feature of the data is an important fraction of the decay proceeds into a non resonant π + π + π − state [1] , this fact necessarily implies a sizable W + annihilation contribution. More precisely, the rate for D + s decays into a non resonant π + π + π − state is about 1/3 of the dominant spectator decay rate D + s → φπ + , both being governed by the same Cabibbo-Kobayashi-Maskawa (CKM) favored factor V * cs V ud . After a brief discussion of the kinematics for three body decay and a presentation of the experimental results in section II, we construct a three component model for the transition amplitude of the mode D + s → π + π + π − . The first component corresponds to a quasi two body ρ 0 π + state, followed by ρ 0 → π + π − . Since ρ 0 meson is a (uu − dd)/ √ 2 isovector state, the decay D + s → ρ 0 π + can proceed only through the W annihilation mechanism (henceforth WA). In section III, we propose a model for the W + → ρ 0 π + transition involving an intermediate virtual π(1300) meson. The experimental upper limit for the branching ratio B(D + s → ρ 0 π + ) allows us to derive an upper bound for the decay constant f π ′ of the π(1300) meson to be around 10 MeV.
The second component is associated to the observed quasi two body f 0 π + state followed by the decay f 0 → π + π − . The quark content of the f 0 (980) meson is crucial for constructing the amplitude D + s → f 0 π + . If the f 0 is a pure (uu + dd)/ √ 2 isoscalar state, we must again use the WA, as for the ρ 0 previously. In section IV we show that by comparing the D + s → ρ 0 π + and D + s → f 0 π + rates, such an assignment (uu + dd)/ √ 2 for f 0 (980) is in strong disagreement with experiment. Then the f 0 (980) must content a large ss component or even be a pure ss state. Now the spectator mechanism can be used for the decay D + s → f 0 π + , and from experiment, we estimate in section IV the magnitude of the hadronic form factor F (m 2 π ) ≈ 0.36, a reasonable value. For the third component associated to a non resonant π + π + π − state, we introduce a complex constant amplitude which corresponds to an uniformly populated Dalitz plot. Such a component is determined, from experiment, in section V where, in addition, the total rate for D + s → π + π + π − is computed using the three component model described above. The result, consistent with experimental data, is presented as a function of a possible phase for the constant non resonant amplitude.
The π + and π − energy distributions for the decay D + s → π + π + π − are computed in section VI. The f 0 π + quasi two body state is clearly seen in the π + energy distribution, as already obtained in [1] , no ρ 0 π + enhancement is present, and the π − energy distribution does not reveal any particular structure even if it is very different from the pure phase space distribution. It is then straightforward to make predictions for the decay mode D + s → π 0 π 0 π + using isospin considerations relating the two final states π + π + π − and π 0 π 0 π + . In section VII, we present our results for the rate and for the π 0 , π + energy distributions of the D + s decay into π 0 π 0 π + . Finally, we end this introduction by few considerations concerning the quark content of the f 0 (980) scalar meson based firstly on SU(3) flavor symmetry and secondly on the decay products of the f 0 (980).
The SU(3) flavor nonet J P C = O ++ contents an isovector meson a 0 (980), two isoscalar mesons f 0 (980) and f 0 (1300) and two isodoublets of strange mesons K * 0 (1490). The physical particles f 0 (980) and f 0 (1300) are expected, as usual, to be the result of a configuration mixing between the isoscalar octet and singlet weights. We remark that the quasi degeneracy in mass between the a 0 (980) and f 0 (980) is reminiscent of that between the ρ(770) and ω(782) in the J P C = 1 −− nonet. A first naive expectation is that f 0 (980), like ω(782), is dominantly a (uu + dd)/ √ 2 bound state, the f 0 (1300) like φ(1020)
being essentially a ss state. However such an assignment is wrong for at least two reasons from both theoretical and experimental considerations. Indeed if one tries to apply for the scalar J P C = O ++ nonet the usual mixing formalism which has been very successful in the J P C = 1 −− , 0 −+ , 2 ++ , 3 −− cases, then we are faced with the impossibility to determine the mixing angle θ s for scalar mesons.
Because of the large mass of the K * 0 (1490) meson, the formalism leads to tan 2 θ s < 0, no matter is used the quadratic or linear Gell-Mann -Okubo mass formula. Therefore the previous analogy between the J P C = 1 −− and 0 ++ nonets is meaningless. The second reason is an examination of the experimental decay products of the f 0 (980) and f 0 (1300), in particular the ππ and KK channels.
In spite of the tiny phase space available for f 0 (980) → KK, its branching ratio 22% is actually a very large number. The situation is inverted for the second meson f 0 (1300), the available phase space for KK is much larger, however its branching ratio is only 7.5%, with 93.6% into ππ. From these experimental considerations, we conclude that if the J P C = 0 ++ nonet is made of quark-antiquark bound states, the f 0 (980) must contain a large ss component and the f 0 (1300) a small ss one, with a (uu + dd)/ √ 2 component being dominant for f 0 (1300) and secondary for f 0 (980). Moreover, we shall see in section IV that the comparison of the D s → ρ 0 π + and D s → f 0 (980)π + rates also confirms the dominant ss component of the f 0 (980) meson. Such ss classification for f 0 (980) has also been recently advocated in [3] .
II Generalities and Experimental results.
1).
We study the decay of the D + s meson of energy momentum P into three π mesons of energy momenta p 1 , p 2 , p 3 with the relation P = p 1 + p 2 + p 3 . We introduce the Mandelstam variables s 1 , s 2 , s 3 and the π meson energies in the D + s rest frame E 1 , E 2 , E 3 . At the level of accuracy of the experiments, it is legitimate to neglect the mass difference between charged and neutral pions and we get
Energy momentum conservation implies the relations
The double differential distribution is given in terms of the transition matrix element by the
We remind that the transition matrix element < 3π|T |D + s > involving three body final state is dimensionless. In the (E 1 , E 2 ) plane, the phase space is defined by the constraints
with
Of course, the mass difference between charged and neutral pions being neglected, we have the same phase space in the two other planes (E 2 , E 3 ) and (E 1 , E 3 ). Two possible three pions final states are π + π + π − and π 0 π 0 π + . We make the following choice of π meson variables
2). Let us now discuss the experimental situation concerning the only observed 3 pion final state π + π + π − . The decay rate for the mode D + s → π + π + π − has been first measured by the E 691 collaboration at Fermi Lab. [1] and the result has been confirmed few years later within error by the NA 82 collaboration at CERN [2] . In addition, the E691 group has been able to exhibit in the π + π + π − Dalitz plot a structure due to the f 0 (980)π + quasi two body state. However a structure due to the ρ 0 (770)π + quasi two body state has not been clearly identified. The various branching ratios in [1] are normalized to the most easily measured mode D + s → φπ + . Using the Particle Data Group value [4] 
the branching ratios obtained in [1] are :
where, in (8) the subscript N R means non resonant [1] . Our results (8), (9) , and (10) agree with those given in [4] . However the branching ratio of Eq.(7) quoted in [4] is slightly smaller, (1.35 ± 0.31)%, because an average has been made between the data obtained in [1] and [2] . For a question of consistency we shall use, in this paper, the set of data (7) − (10) in order to preserve the relative fractions of the various terms as quoted in [1] .
III. The decay mode for
. Let us consider the quasi two body final state ρ 0 π. The transition matrix element has the
where e µ (p ρ ) describes the ρ meson polarization. The dimensionless quantity g Dsρπ is a weak complex coupling constant in terms of which, the decay width is given by
Here K ρ is the center of mass momentum of the final ρπ particles in the D + s meson rest frame.
2). The ρ 0 and pion are quark-antiquark bound states containing only u and d quarks and the decay D + s → ρ 0 π + can only proceed through the WA, since both charm and strange quarks being absent in the final state. For the transition W + → ρ 0 π + we assume, by the Partial Conservation of the Axial Current (PCAC) the contribution of an intermediate state having the quantum number of a π + meson [5, 6, 7] and which might be the π meson itself or its recurrence π(1300). It has been checked that the π meson intermediate state gives a contribution many order of magnitude smaller than that of the π(1300) and only the latter one is retained in the diagram of Fig.1 .
Here π ′ ≡ π(1300) and the corresponding expression of the weak decay constant g Dsρπ is given by
where a 1 is the phenomenological parameter introduced by Bauer, Stech, Wirbel (henceforth BSW) [8] ; V cs , V ud the relevant CKM matrix elements; f Ds and f π ′ are the leptonic decay constants of the D + s and π ′ mesons respectively.
The dimensionless strong decay constant g π ′ ρπ is related to the corresponding decay rate by
where K ′ ρ is the C. M. momentum in the π ′ rest frame of the ρπ final state.
Combining Eqs. (12), (13) and (14) we obtain
where Λ 2 is given by
3). For masses, widths and CKM matrix elements we use the values collected by the Particle Data
Group [4] . The quantity f Ds is choosen to be f Ds = 280 M eV consistent with recent experimental data [4] and theoretical expectations. For the decay π(1300) → ρπ we use [4] B(π ′ → ρπ) = 0.3205
and we leave f π ′ as a free parameter. For a 1 we take a 1 = 1.26 [9] .
In the following, we use the simple energy dependence mΓ(s) = √ s Γ(m 2 ) for the widths, although more sophisticated expressions have been proposed [5, 6] 
We retain only in the numerical computation of C 2 the large uncertainty due to the π(1300) width [4] , Γ π ′ = (400 ± 200) M eV and we get Theoretical value for f π ′ , as large as 40 M eV , seems to be overestimated in the literature [7] . Eq. (20) gives, to our knowledge, the first experimental information on f π ′ , and our result is compatible with theoretical calculations using non-relativistic chiral quark model [10] or QCD sum rule technique [11] .
4).
We now take into account the non-zero ρ meson width effect. The production of the quasi two body state ρ 0 π + is followed by the decay ρ 0 → π + π − . For the final state π + π − π + , E 1 and E 2 are the π + energies and E 3 is the π − energy. The decay amplitude for D + s → ρ 0 π + → π + π − π + is given by
and the corresponding decay rate has the form
where J is the phase space integral
The energy dependence of the ρ meson width has been taken as explained previously and the factor 1 2 in Eq. (22) is due to the presence of two identical π + in the final state. The dimensionless constant g ρππ is related to the ρ meson width by
where K π is the C. M. momentum in the ρ 0 meson rest frame of the two pions.
Combining Eq. (22) and (24) we obtain
It is straightforward to estimate the importance of the non-zero ρ 0 meson width. The result is obviously independent of g Dsρπ and comparing Eq. (12) and (22) we get
The value of J obtained by numerical integration is J = 8.0997 and we get
where the error is due to the uncertainty of the ρ 0 meson width. IV. The decay mode for D
. We consider now the quasi two body final state f 0 (980)π + . Since two body decay amplitude has a mass dimension, let us write the transition matrix element for spinless particles in the form,
where the dimensionless quantity g Dsf 0 π is a weak complex constant in terms of which, the decay width is given by
Here K f is the C. M. momentum of the final particles f 0 π + in the D + s rest frame.
2). 
where the subscript W A indicates that the decay amplitude is performed in the W annihilation model of Fig.1 , from which we get
where K ′ f is the C. M. momentum in the π ′ rest frame associated to the decay π ′ → f 0 π + .
We assume that the experimental result of the π ′ decay given in [4] for the final state (ππ) S−wave + π + corresponds to f 0 π + and we use
Numerically, we obtain from Eq.(32)
Using the upper limit (10) for the rate of D + s → ρ 0 π + , we get the prediction
in complete disagreement with the observed experimental value Eq.(9).
It follows that the dominant component of f 0 (980) cannot be (uu + dd)/ √ 2 and a large ss component must be present. In fact such an ss component will be responsible for the observed strong decay mode f 0 → KK.
3). Having shown that f 0 (980) is mainly a pure ss state by both considerations based firstly on its decay modes into KK, secondly on those of D + s into f 0 π (beside the mixing in the J P C = 0 ++ SU (3)
flavor nonet argument mentioned previously in the Introduction), the dominant decay mechanism for the mode D + s → f 0 π + is then the spectator diagram. The weak coupling constant g Dsf 0 π is now computed from the diagram of Fig.2 and the result is
where 
and the corresponding decay rate is
where the dimensionless coefficient K is the phase space integral
The energy dependence of the f 0 meson width has been taken as explained previously and the factor 1 2 in Eq. (40) is due to the presence of two π + in the final state. The dimensionless constant g f 0 π + π − is related to the partial decay width by
where K π is the C.M. momentum of the two pions in the f 0 rest frame.
Combining Eqs. (40) and (42) we obtain
The effect of the non zero f 0 width is estimated by comparing Eqs.(30) and (43)
The value of K obtained by numerical integration is K = 5.7217. We get
where the error is due to the uncertainty on the f 0 meson width taken to be Γ f 0 = 47 ± 9 M eV .
The f 0 finite width effect is small and the value of 
V. Total rate for the decay D
. We propose a model where the decay amplitude
s > is written as a sum of three contributions
The two first components in Eq.(46) are associated to the quasi two body final states ρ 0 π + and f 0 π + and their expressions have been given in Eqs. (21) and (39). The third component describes a non resonant π + π − π + state and is naturally assumed to proceed through the W + annihilation mechanism.
In this case the general structure of the decay matrix element is
The matrix element of the divergence of the weak axial vector current between the vacuum and the three pion final state is an unknown structure function F (E 1 , E 2 ) depending on two independent variables, choosen as the pion energies.
Since the matrix elememt of the three body decay is dimensionless, Eq. (47) implies that the function
is also dimensionless and is related to the function
Combining Eqs. (47) and (48), we get
The corresponding branching ratio is written in the form
where N is a normalization factor,
and I a phase space integral given by
In Eq.(51) the factor 1 2 is again due to the presence of the two π + in the final state. The value of N is computed using the same parameters as in section III and the result is N = 1.0399 · 10 −2 .
2). In the non resonant case we assume the structure function F to be a constant independent of the pion energies such as F (E 1 , E 2 ) = F N R . The experimental non resonant rate quoted in Eq. (8) allows us to extract the modulus of F N R . The corresponding phase space integral I N R in Eq.(52) with constant F N R has the value
and we obtain by using Eqs. (8), (50) and (53) |F N R | = 3.04
3). A decomposition formally similar to Eq.(49) in terms of F (E 1 , E 2 ) can be conveniently written for the two other components of Eq.(46). This is obvious for the ρπ component which is of the W annihilation type and we get from Eqs. (13) and (21)
(56)
For the f 0 π component which is of the spectator type we obtain, from Eqs. (36) and (39), the structure
In the spectator model the form factor is real, such that φ f 0 π = 0 or π.
The total structure function F (E 1 , E 2 ) has three components
and the computation of the total rate is made using the formula
where I is the phase space integral defined in Eqs.(52).
Let us first consider the phase space integrals involving the functions H(E 1 , E 2 ). We have previ-
For the interferences between the three components we need three more integrals
The numerical results are
The numerical values of |F N R | and |A f 0 π | are taken from the measured rates respectively in Eqs. (8) and (9) . In the ρπ case we write A ρπ = λ A max ρπ with 0 ≤ λ < 1 where λ = 1 corresponds to the 90% C. L. experimental limit in Eq.(10) .
There isà priori no reason for the non resonant amplitude F N R to be real and we allow an arbitrary phase φ N R . The two other phases φ f 0 π and φ ρπ are determined by our model as
The formula for I(π + π − π + ) T OT is then written as
The errors for I(π + π − π + ) T OT are computed in quadrature from the experimental errors on I(π + π − π + ) N R and I(π + π − π + ) f 0 π and for the errors of the amplitudes |F N R | and |A f 0 π |, we use the approximate relation △x ≃ 
VI. Energy distributions of the pion in D
The two π + meson energies being E 1 and E 2 with our convention of section II, the function
introduced in section V is symmetrical in the exchange of E 1 and E 2 . Such a property extends to the Dalitz plot which is a double differential distribution proportional to
However it is probably premature to discuss the detailed properties of the Dalitz plot and it is more realistic to consider single differential quantities like the π meson energy distributions.
We must keep in mind that a distribution in the pion energy E j is just the mirror of a distribution in the invariant two pion mass squared s j because of the relations (1),
2). For the final state π + π + π − , we define the π + and π − energy distributions in the following way
where the distributions G + (E 1 ) and G − (E 3 ) are defined by
and the limits of integration E ± (E) have been given in Eq. (5) of section II.
The normalization constantsÑ and N are simply related by
and the numerical value ofÑ isÑ = 7.446 · 10 −15 .
The π + energy distribution G + (E 1 ) and the π − energy distribution G − (E 3 ) for all π + π + π − events have been computed performing a single variable integration with the relevant functions defined in
. We observe that the last three integrals are complex with an energy dependent phase and, as a consequence, the nature of constructive or destructive of the various interferences is an energy dependent concept. The terms F N R , A f 0 π , and A ρπ are treated as in section V with their moduli extracted from the measured branching ratios. The two extreme cases λ = 0 and λ = 1 have been considered.
It is clear that the shape of the π meson energy distributions G + (E 1 ) and G − (E 3 ) depends on the constant phase of the non resonant amplitude F N R in a very sensitive way. We notice in [1] that we have a Dalitz plot in the (s 1 , s 2 ) plane corresponding to the (68.1 ± 12.4) events observed in
A projection of this Dalitz plot on the s 1 axis shows clearly a peak associated to the f 0 π + quasi two body state and an important background. Of course, such an histogram in [1] is nothing but our π + meson energy distribution G + (E 1 ).
The G + (E 1 ) distribution has been studied for values of φ N R between 0 0 and 360 0 . Comparing our theoretical curves with the shape of the experimental histogram [1] , we obtain an acceptable agreement if the angle φ N R is in the range
Let us now come back to Eq.(49) where the function F (E 1 , E 2 ) is defined. Beside the phase of the CKM factors, we have the phase π/2 due to the factor i entering in the definition of the matrix element < 0 |A µ |D + s > and the phase of the function F (E 1 , E 2 ). In the non resonant component, the last phase is φ N R . We observe that the value φ N R = 90 0 compatible with the range (79) makes the 
(
Both values Eqs. (80) and (81) agree with the experimental one of Eq. (7), (1.54 ± 0.42) %.
VII. Predictions for
We have no experimental data on the decay mode D + s → π 0 π 0 π + . However we shall use the same three component model for this decay mode and let us start our discussion with isospin considerations concerning these three components.
1).
Consider first the case of a non resonant π 0 π 0 π + state. The constant F N R has no reason to be the same for the two modes π + π − π + and π 0 π 0 π + . By assumption, with a constant function
, we have a full symmetry in space between the three pions. From the Bose-Einstein symmetry, the isospin configuration has also to be totally symmetric. Consider now a third rank fully symmetric tensor in a three dimensional space. It has 10 independent components. With respect to the isospin SO(3) orthogonal group, such a tensor is reducible into an isospin I = 3 part with 7 components and an isospin I = 1 part with 3 components. In our specific W annihilation model for the non resonant three pions, only the later part contributes, the ud weak current being an isovector.
By inspection of the relevant Clebsch-Gordan coefficients, we get the result
As a consequence, in our model, we obtain for the non resonant part :
and the non resonant branching ratio B(D + s → π 0 π 0 π + ) N R is expected to occur only at the 10 −3 level.
2). The quasi two body state ρ 0 π + cannot produce a π 0 π 0 π + final state because of the isovector character of the ρ meson. However ρ + π 0 can give such a state when followed by the decay ρ + → π + π 0 .
The D + s meson being an isoscalar, the decay amplitudes for D s → ρ 0 π + and D s → ρ + π 0 are equal. When mass differences between charged and neutral ρ's and π's are neglected we obtain
With equal decay widths for ρ 0 → π + π − and ρ + → π + π 0 we obtain the ratio of rates
We observe that the finite ρ width corrections are the same in both final states π + π − π + and π 0 π 0 π + because two Breit Wigner amplitudes are present in the variables s 1 and s 2 with the choice made in section II.
3). For the third component, i.e., the decay D + s → f 0 π + followed by f 0 → π + π − (f 0 → π 0 π 0 ) produces a π + π − π + (π 0 π 0 π + ) final state. Because of the isoscalar character of the f 0 (980) we have
On the other hand, in the D + s → f 0 π + → π + π − π + case, we have two Breit-Wigner amplitudes in the variables s 1 and s 2 whereas in the D + s → f 0 π + → π 0 π 0 π + case there exists only one BreitWigner amplitude in the variable s 3 with the choice made in section II. As a consequence the phase space integral K introduced in Eq.(41) has the value K c = 5.7217 for the final state π + π − π + and K N = 2.7469 for the final state π 0 π 0 π + , and we obtain the ratio of rates
The departure of this ratio from 4). The function F (E 1 , E 2 ) associated to the final state π 0 π 0 π + is written in the form 
The total rate is now computed by integration the quantity |F (E 1 , E 2 )| over E 1 and E 2 . The procedure of calculation is similar to the one explained in detail in section V and the result for With the choice φ N R = 90 0 we find
(ii) λ = 1,
5). The π 0 and π + energy distributions G 0 (E 1 ) and G + (E 3 ) for the final state π 0 π 0 π + are computed with the formulae (76) and (77) using now the function F (E 1 , E 2 ) given in Eq.(88). The procedure of calculation is similar to the one explained in section VI for the π + π − π + final state.
We have represented respectively in Figs.7 and 8 the π 0 and π + energy distributions G 0 (E 1 ) and Let us end by considering the π meson energy distribution corresponding to an uniformly populated phase space of a constant amplitude. The energy distributions for each pion are obviously identical and in the case D + s → (π + π − π + ) N R we obtain, using Eq.(5), the analytic form
Using the experimental value (54) of |F N R | 2 , we obtain the distribution represented in Fig.9 .
VIII. Summary and Concluding Remarks
We have studied, in this paper, the decay of the D + s meson into three π mesons by analyzing the experimental data available for the decay mode D + s → π + π − π + . The amplitude can be considered as the superposition of two mechanisms : the spectator decay of the c quark contained in the D + s meson and the W + annililation into three pions. Both mechanisms are needed to explain the data and the latter appears to be considerably important.
The non observation of the ρπ quasi two body state allows us to determine an upper limit of about 10 M eV for the leptonic decay constant f π ′ of the π ′ ≡ π(1300) meson. Such an upper bound of f π ′ is compatible with theoretical estimates using non-relativistic chiral quark model [10] and QCD sum rule technique [11] . We remark that the commonly used values of the f π ′ decay constant [7] are much larger than our upper limit.
The large f 0 π + branching ratio compared to the ρ 0 π + one allows us to exclude the dominant (uu + dd)/ √ 2 quark structure for the f 0 (980) meson. Assuming the f 0 (980) to be a ss state, the spectator mechanism will govern the decay D + s → f 0 (980)π + and from experimental data it is possible to estimate the hadronic form factor − 0.08 . Furthermore, a large branching ratio of the D + s meson into a non resonant three pion state has been experimentally measured. This decay can only proceed through the WA and the corresponding decay amplitude is assumed to be independent of the π meson energies. We then introduce a phenomenological complex constant F N R , its modulus is extracted from the non resonant branching ratio
For the full decay amplitude, we propose a three component model involving the non resonant background, the f 0 π + quasi two body state, and a possible ρπ quasi two body state with a parameter λ such that for λ = 1, the branching ratio B(D + s → ρ 0 π + ) takes the value of the 90% confidence level upper limit. We first compute the total rate for D If the quasi two body states f 0 π and ρπ can be theoretically understood, the non resonant part has been treated, in this paper, only from a purely phenomenological view point, using a constant complex parameter F N R . It would be interesting to explain theoretically the experimental values found for |F N R | and φ N R . To our knowledge no model has been proposed for such case.
The detailed understanding of the WA is very important in its own right, and for that purpose, the D + s , like the B + c , are particularly auspicious for WA to manifest in its full strength due to both color and CKM favored factors. In all other cases, i.e., D + , D 0 , B + , B 0 , and B 0 s , the WA is either masked by the color and CKM suppressed factors, or contaminated by the spectator decay mechanism at the quark level, such that unambiguous WA effect can be hardly isolated. Therefore experimental and theoretical investigations of the D + s ( and the B + c later) decays into pions, in both inclusive and exclusive modes, are of great interest. They are the ideal laboratories for studying the weak annihilation mechanism. and especially G. Cohen-Tannoudji and J. Haïssinski for their encouragements.
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1. Figure 1 : W annihilation mechanism for the D + s → ρ 0 + π + decay mode.
Figure 2 :
Spectator mechanism for the D + s → f 0 + π + decay mode.
3. 9. Figure 9 :
The π meson energy distribution G N R (E) for the non resonant part of the decay 
